t^te'dPeiffTO 1 1 MAY zoos 



TRANSLATION 



I, Aiji Yamamoto, residing at 1*13-16, Shibayama, Funabashi-shi, Chiba-ken, Japan, 
state- 

that I know well both the Japanese and EngHsh languages*' 

that I translated, from Japanese into English, the description, claims, abstract and 
drawings of International AppUcation No. PCT/JP2005/0 18006, filed September 29, 
2005; 

that the sheet next following this sheet is a copy of the Request of the said 
appUcation as pubHshed as International Pubhcation and is attached hereto in lieu 
of an English translation of the Request in the said appUcation; and 

that the attached EngHsh translation is a true and accurate translation to the best 
of my knowledge and belief. 



Dated: April 21, 2006 




Aiji Yamamoto 



10/579385 

1 

DESCRIPTION 

DIGITAL SIGNAL OFFSET ADJUSTING APPARATUS AND 
PULSE PATTERN GENERATOR USING THE SAME 

Technical Field 

The present invention relates to a digital signal 
offset adjusting apparatus and a pulse pattern 
generator using the apparatus. 

In particular, the present invention relates to a 
digital signal offset adjusting apparatus for applying 
and outputting an arbitrary bias voltage to a digital 
signal for use in the case of carrying out testing or 
the like of a variety of devices used for a 
communication system, the digital signal offset 
adjusting apparatus employing a technique for 
responding to a wideband digital signal, and a pulse 
pattern generator using the apparatus. 

Background Art 

A communication speed of a communication system 
using a digital signal becomes high year by year, and 
extends from a conventional low speed digital signal 
having a MHz band to a high speed digital signal having 
a GHz band in recent years. 

Therefore, in the case of carrying out testing of 
a variety of devices for use in such a communication 
system, the pulse generator needs to supply a high 
speed digital signal having a GHz band from a low speed 



digital signal having a MHz band as a digital signal 
having applied thereto offset adjustment so as to apply 
a bias voltage in response to an input interface of 
equipment targeted to be tested. 

As an example, in the case where an output 
amplitude of a digital signal is from 0.25 Vpp to 2 Vpp 
(in steps of 2 mV) , a bias voltage ranges from -2V 
to +2V (in steps of 1 mV) . 

FIG. 7 shows a configuration of a conventional 
digital signal offset adjusting apparatus 10 used for 
such a purpose as above described. 

This apparatus is generally called a ^^bias T", and 
transmits an alternating current component Dac of a 
digital signal D input from an input terminal 10a to an 
output terminal 10b via a capacitor 11. 

In addition, one end of a bias applying coil 12 is 
provided at a terminal at the side of the output 
terminal 10b of the capacitor 11. 

Then, an arbitrary bias voltage Vb is applied from 
the other end of this bias applying coil 12, whereby a 
digital signal D' obtained by superimposing the 
alternating current component Dac and the bias 
voltage Vb having passed through the capacitor 11 
for signal transmission is output from the output 
terminal 10b. 

A bias T as described above is described in the 
following patent documents 1 and 2, for example. 



Patent document 1: Jpn. Pat. Appln. KOKAI 
Publication No. 2004-193275 

Patent document 2: Jpn, Pat. Appln. KOKAI 
Publication No. 2004-193866 

Disclosure of Invention 

However, in the above-described conventional 
digital signal offset adjusting apparatus, it is 
necessary to increase a capacitance of a capacitor 11 
for signal transmission connected between an input 
terminal 10a and an output terminal 10b in order to 
correctly transmit a waveform of a digital signal 
having a low frequency band, and concurrently, an 
inductance of a bias applying coil 12 must be 
increased. 

In particular, in testing of a variety of devices 
for use in a communication system, in the case of a 
commonly used digital signal of a random pattern which 
is generated from a pulse pattern generator, there 
exists a data pattern such that identical bit data are 
continuous, and a frequency included in that data 
pattern may be lower than a bit rate of the digital 
signal itself. 

Thus, as a digital signal offset adjusting 
apparatus, even in respect of a digital signal whose 
bit rate is in the order of several Mbps, it is 
necessary to transmit a low frequency band up to some 
hundred Hz, for example, which is significantly lower 



than the digital signal, without a loss. 

In this way, in order to transmit a low frequency 
band without loss, a capacitor having a large 
capacitance is used as a capacitor for signal 
transmission, and concurrently, the inductance of the 
bias applying coil 12 must be increased. 

However, as described above, the signal 
transmission capacitor having a large capacitance (for 
example, 100 |iF) and the bias applying coil having a 
large inductance (for example, some tens of mH) are 
inevitably large in its physical size. 

This causes higher cost of an entire digital 
signal offset adjusting apparatus, and it becomes 
significantly difficult to match impedance of a high 
frequency transmission channel in a digital signal 
offset adjusting apparatus. There is a problem that a 
high frequency band of a digital signal, in particular, 
a signal component of GHz band cannot be correctly 
transmitted, and a waveform distortion occurs. 

In addition, a component close to a direct current 
component may be included depending on a pattern of a 
digital signal. 

Hence, there is a problem that, in the 
conventional digital signal offset adjusting apparatus, 
a component close to an existing direct current 
component cannot be correctly transmitted by a pattern 
of a digital signal, and a waveform distortion occurs. 



Therefore, the present invention has been made in 
order to solve a problem using a conventional technique 
as described above. For example, it is an object of 
the present invention to provide a digital signal 
offset adjusting apparatus and a pulse pattern 
generator using the apparatus capable of correctly 
transmitting a wideband digital signal including a 
direct current component and a low frequency band to a 
high frequency band ranging from a several hundred of 
Hz to GHz without generating waveform distortion. 

In order to achieve the above-described object, 
according to a first aspect of the present invention, 
there is provided a digital signal offset adjusting 
apparatus comprising: an input terminal (20a) to which 
an input digital signal having a wideband frequency 
characteristic including a low frequency band, a direct 
current component, and a high frequency band is input; 
a direct current voltage generator (25) which outputs a 
desired direct current bias voltage; an output terminal 
(20b) to output an output digital signal obtained by 
applying the direct current bias voltage output from 
the direct current voltage generator (25) to the low 
frequency band, the direct current component, and the 
high frequency band of the input digital signal input 
to the input terminal (20a); a capacitor (21) which is 
connected between the input terminal (20a) and the 
output terminal (20b) and which causes the output 



terminal (20b) to pass through the high frequency band 
of the input digital signal input to the input terminal 

(20a); a first coil (23), one end of which is connected 
to the input terminal (20a) , and which passes the low 
frequency band and the direct current component of the 
input digital signal to another end; a second coil 

(22), one end of which is connected to the output 
terminal (20b); a operational amplifier (31a), a first 
input end of which is connected to the other end of the 
first coil (23) , a second input end of which is 
connected to the direct current voltage generator (25) , 
an output end of which is connected to another end of 
the second coil (22), and which outputs to the output 
terminal (20b) via the other end of the second coil 

(22) from the output end, the low frequency band of the 
input digital signal passed to the other end of the 
first coil (23) input to the first and second input 
ends and a composite signal obtained by combining the 
direct current component and the direct current bias 
voltage output from the direct current voltage 
generator (25) ; and a frequency characteristic 
compensating circuit (35) connected between a reference 
electrical potential point (earth line) and the second 
input end of the operational amplifier (31a) or between 
the second input end and the output end, the 
compensating circuit being adopted to compensate for a 
frequency characteristic so that a gain of the 



operational amplifier (31a) increases with a component 
having a higher frequency from among the low frequency 
bands of the input digital signal passed to the other 
end of the first coil (23) . 

Further,, in order to achieve the above-described 
object, according to a second aspect of the present 
invention, there is provided the digital signal offset 
adjusting apparatus according to the first aspect, 
wherein, when the first and second input ends of the 
operational amplifier (31a) are a non-inverted input 
(+) end and an inverted input end (-) , respectively, an 
input matching resistor (31b) having a predetermined 
value is connected between the reference electrical 
potential point (earth line) and the non-inverted input 
end (+) of the operational amplifier (31a), a feedback 
resistor (31c) is connected between the output end and 
the inverted input (-) end of the operational amplifier 
(31a), an output matching resistor (31d) having a 
predetermined value is connected between the output end 
of the operational amplifier (31a) and the other end of 
the second coil (22) , and a direct current inputting 
resistor (31e) having a predetermined value is 
connected between the inverted input end (-) of the 
operational amplifier (31a) and the direct current 
voltage generator (25), whereby a subtracted and 
combined signal obtained by subtracting and combining 
by the operational amplifier (31a) the low frequency 
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band and the direct current component of the input 
digital signal passed to the other end of the first 
coil (23) input to the inverted input end (-) of the 
operational amplifier (31a) and the direct current bia 
voltage from the direct current voltage generator (25) 
input to the non-inverted input end (+) of the 
operational amplifier (31a) is output to the output 
terminal (20b) via the other end of the second coil 
(22) from the output end of the operational 
amplifier (31a) . 

Further, in order to achieve the above-described 
object, according to a third aspect of the present 
invention, there is provided the digital signal offset 
adjusting apparatus according to the second aspect, 
wherein the direct current inputting resistor (31e) 
connected between the inverted input end (-) of the 
operational amplifier (31a) and the direct current 
voltage generator (25) has a value equal to a value of 
the feedback resistor (31c) connected between the 
output end of the operational amplifier (31a) and the 
inverted input end (-) as the predetermined value, and 
the frequency characteristic compensating circuit (35) 
is composed of a capacitor (Cc) and a resistor (Rc) 
connected in serial between the inverted input end (-) 
and the reference electronic potential point (earth 
line) of the operational amplifier (31a) . 

Further, in order to achieve the above-described 



object, according to a fourth aspect of the present 
invention, there is provided the digital signal offset 
adjusting apparatus according to the second aspect, 
wherein the frequency characteristic compensating 
circuit (35) is composed of a serial circuit of a coil 
(Lc) and a resistor (Rc' ) connected between the output 
end and the inverted input end (-) of the operational 
amplifier (31a) , and the direct current inputting 
resistor (31e) connected between the inverted input end 
(-) of the operational amplifier (31a) and the direct 
current voltage generator (25) has a value equal to a 
parallel combined resistance value of the feedback 
resistor (31c) of the operational amplifier (31a) and 
the resistor (Rc' ) of the frequency characteristic 
compensating circuit (35) as the predetermined value. 

Further, in order to achieve the above-described 
object, according to a fifth aspect of the present 
invention, there is provided the digital signal offset 
adjusting apparatus according to the fourth aspect, 
wherein the frequency characteristic compensating 
circuit (35') is compatible with the feedback resistor 
(31c) connected between the output end and the inverted 
input end (-) of the operational amplifier (31a) by 
means of the resistor (Rc' ) of the frequency 
characteristic compensating circuit (35'), and is 
composed of a coil (Lc) connected in series between the 
resistor (Rc' ) compatible with the feedback resistor 
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(31c) and the inverted input end (-) of the operational 
amplifier (31a) , and a resistance value of the resistor 
(Rc' ) of the frequency characteristic compensating 
circuit (35') compatible with the feedback resistor 
(31c) of the operational amplifier (31a) is set to be 
equal to a resistance value of the direct current 
inputting resistor (31e) from the direct current 
voltage generator (25) . 

Further, in order to achieve the above-described 
object, according to a sixth aspect of the present 
invention, there is provided a digital signal offset 
adjusting apparatus comprising: an input terminal (20a) 
to which an input digital signal having a wideband 
frequency characteristic including a low frequency 
band, a direct current component, and a high frequency 
band is input; a direct current voltage generator (25) 
which outputs a desired direct current bias voltage; an 
output terminal (20b) to output an output digital 
signal obtained by applying the direct current bias 
voltage output from the direct current voltage 
generator (25) to the low frequency band, the direct 
current component, and the high frequency band of the 
input digital signal input to the input terminal (20a) ; 
a capacitor (21) which is connected between the input 
terminal (20a) and the output terminal (20b) and which 
causes the output terminal (20b) to pass through the 
high frequency band of the input digital signal input 



to the input terminal (20a); a first coil (23) whose 
one end is connected to the input terminal (20a), and 
which passes the low frequency band and the direct 
current component of the input digital signal to 
another end; a second coil (22) whose one end is 
connected to the output terminal (20b) ; a first 
operational amplifier (40), a first input end of which 
is connected to the other end of the first coil (23), a 
second input end of which is connected to a reference 
electrical potential point (earth line) , and which 
outputs from an output end a first inverted and 
amplified signal obtained by inverting and amplifying 
the low frequency band and the direct current component 
of the input digital signal passed to the other end of 
the first coil (23) ; a second operational amplifier 
(41), a first input end of which is connected to the 
direct current voltage generator (25) , a second input 
end of which is connected to the reference electrical 
potential point (earth line), and which outputs from an 
output end a second inverted and amplified signal 
obtained by inverting and amplifying the direct current 
bias voltage output from the direct current voltage 
generator (25); a third operational amplifier (42), a 
first input end of which is connected in common to each 
of the output ends of the first and second operational 
amplifiers (40, 41), a second input end of which is 
connected to the reference electrical potential point 
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(earth line) , and which inverts and amplifies a 
combined signal obtained by combining the first and 
second inverted and amplified signals and outputs the 
inverted and amplified signal to another end of the 
second coil (22) ; and first and second frequency 
characteristic compensating circuits (35a^ 35b) 
connected between the reference electrical potential 
point (earth line) and each of the first input end of 
the first and third operational amplifiers (40, 42) or 
between each of the first input end and the output end 
of the first and third operational amplifiers (40, 42), 
the first and second frequency characteristic 
compensating circuits being adopted to compensate for a 
frequency characteristic so that a gain of each of the 
first and third operational amplifiers (40, 42) 
increases with a component having a higher frequency 
from among the low frequency bands of the input digital 
signal passed to the other end of the first coil (23) . 

Further, in order to achieve the above-described 
object, according to a seventh aspect of the present 
invention, there is provided the digital signal offset 
adjusting apparatus according to the sixth aspect, 
wherein, when the first and second input ends of the 
first to third operational amplifiers (40, 41, 42) are 
an inverted input end (-) and a non-inverted input end 
(+) , respectively, each of the non-inverted input ends 
(+) of the first to third operational amplifiers (40, 
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41, 42) is connected to the reference electrical 
potential point (earth line), an input matching 
resistor (31b) having a predetermined value is 
connected between the inverted input end (-) and the 
5 reference electrical potential point (earth line) of 

the first operational amplifier (40) , first to third 
feedback resistors (31cl, 31c2, 31c3) are connected, 
respectively, between the output end and the inverted 
input end (-) of each of the first to third operational 

10 amplifiers (40, 41, 42), a direct current inputting 

resistor (31e) having a predetermined value is 
connected between the inverted input end (-) of the 
second operational amplifier (41) and the direct 
current voltage generator (25), first and second output 

15 matching resistors (31dl, 31d2) each having a 

predetermined value are connected, respectively, 
between each of the output end of the first and second 
operational amplifiers (40, 41) and the inverted input 
end (-) of the third operational amplifier (42), and a 

20 third output matching resistor (31d3) having the 

predetermined value is connected between the output end 
of the third operational amplifier (42) and the other 
end of the second coil (22), whereby an added and 
combined signal obtained by adding and combining the 

25 first and second inverted and amplified signals output 

from each of the output ends of the first and second 
operational amplifiers (4 0, 41) is output to the output 
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terminal (20b) via the other end of the second coil 
(22) from the output end of the third operational 
amplifier (42) which inverts and amplifies the added 
and combined signal. 
5 Further, in order to achieve the above-described 

object, according to an eighth aspect of the present 
invention, there is provided the digital signal offset 
adjusting apparatus according to the seventh aspect, 
wherein the direct current inputting resistor (31e) 

10 connected between the inverted input end (-) of the 

second operational amplifier (41) and the direct 
current voltage generator (25) has a value equal to a 
value of the second feedback resistor (31c2) connected 
between the output end and the inverted input end (-) 

15 of the second operational amplifier (41) as the 

predetermined value, and the first and second frequency 
characteristic compensating circuits (35a, 35b) are 
composed of a capacitor (Ccl, Cc2) and a resistor (Rcl, 
Rc2) connected in series, respectively, between the 

20 reference electrical potential point (earth line) and 

each of the inverted input end (-) of the first and 
third operational amplifiers (40, 42) . 

Further, in order to achieve the above-described 
object, according to a ninth aspect of the present 

25 invention, there is provided the digital offset 

adjusting apparatus according to the seventh aspect, 
wherein the direct current inputting resistor (31e) 
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connected between the inverted input end (-) of the 
second operational amplifier (41) and the direct 
current voltage generator (25) has a value equal to a 
value of the second feedback resistor (31c2) connected 
5 between the output end and the inverted input end (-) 

of the second operational amplifier (41) as the 
predetermined value, and the first and second frequency 
characteristic compensating circuits (35a, 35b) are 
composed of a serial circuit of a coil (Lcl, Lc2) and a 

10 resistor (Rcl, Rc2) connected between each of the 

output end and the inverted input end (-) of the first 
and third operational amplifiers (40) , respectively. 

Further, in order to achieve the above-described 
object, according to a tenth aspect of the present 

15 invention, there is provided the digital offset 

adjusting apparatus according to the ninth aspect, 
wherein the first and second frequency characteristic 
compensating circuits (35a', 35b') are compatible with 
the first and third feedback resistors (31cl, 31c2) 

20 connected between the output end and the inverted input 

end (-) of each of the first and third operational 
amplifiers (40, 42) by a resistor (Rcl, Rc2) of each of 
the first and second frequency characteristic 
compensating circuits (35a' , 35b' ) , respectively, and 

25 are composed of a coil (Lcl, Lc2) connected in series 

between each of the resistors (Rcl, Rc2) compatible 
with the first and third feedback resistors (31cl, 
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31c2) and each of the inverted input ends (-) of the 
first and third operational amplifiers (40, 42) . 

Further, in order to achieve the above-described 
object, according to an eleventh aspect of the present 
5 invention, there is provided a pulse pattern generator 

comprising: a digital signal output section (101) which 
outputs a digital signal having a wideband frequency 
characteristic including a low frequency band, a direct 
current component, and a high frequency band, the 

10 digital signal being of a desired pulse pattern 

including a data pattern such that identical bit data 
are continuous; and a digital signal offset adjusting 
apparatus (20) connected to the digital signal output 
section (101), wherein the digital signal offset 

15 adjusting apparatus (20) comprises: an input terminal 

(20a) to which a digital signal of a desired pulse 
pattern having a wideband frequency characteristic 
including the low frequency band, the direct current 
component, and the high frequency band output from the 

20 digital signal output section (101) is input as an 

input digital signal; a direct current voltage 
generator (25) which outputs a desired direct current 
bias voltage; an output terminal (20b) to output an 
output digital signal obtained by applying the direct 

25 current bias voltage output from the direct current 

voltage generator (25) to the low frequency band, the 
direct current component, and the high frequency band 
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of the input digital signal input to the input terminal 
(20a); a capacitor (21) which is connected between the 
input terminal (20a) and the output terminal (20b) , and 
which causes the output terminal to pass through the 
5 high frequency band of the input digital signal input 

to the input terminal (20a); a first coil (23), one end 
of which is connected to the input terminal (20a), and 
which passes the low frequency band and the direct 
current component of the input digital signal to 

10 another end; a second coil (22), one end of which is 

connected to the output terminal (20b) ; a operational 
amplifier (31a), a first input end of which is 
connected to the other end of the first coil (23), a 
second input end of which is connected to the direct 

15 current voltage generator (25), an output end of which 

is connected to another end of the second coil (22), 
and which outputs to the output terminal (20b) via the 
other end of the second coil (22) from the output end, 
the low frequency band of the input digital signal 

20 passed to the other end of the first coil (23) input to 

the first and second input ends and a composite signal 
obtained by combining the direct current component and 
the direct current bias voltage output from the direct 
current voltage generator (25) ; and a frequency 

25 characteristic compensating circuit (35) connected 

between a reference electrical potential point (earth 
line) and the second input end of the operational 
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amplifier (31a) or between the second input end and the 
output end, the compensating circuit being adopted to 
compensate for a frequency characteristic so that a 
gain of the operational amplifier (31a) increases with 
a component having a higher frequency from among the 
low frequency bands of the input digital signal passed 
to the other end of the first coil (23) . 

Further, in order to achieve the above-described 
object, according to a twelfth aspect of the present 
invention, there is provided the pulse pattern 
generator according to the eleventh aspect, wherein, 
when the first and second input ends of the operational 
amplifier (31a) of the digital signal offset adjusting 
apparatus (20) are a non-inverted input end (+) and an 
inverted input end (-) , respectively, an input matching 
resistor (31b) having a predetermined value is 
connected between the reference electrical potential 
point (earth line) and the non-inverted input end (+) 
of the operational amplifier (31a), a feedback resistor 
(31c) is connected between the output end and the 
inverted input end (-) of the operational amplifier 
(31a), an output matching resistor (31d) having a 
predetermined value is connected between the output end 
of the operational amplifier {31a) and the other end of 
the second coil (22), and a direct current inputting 
resistor (31e) having a predetermined value is 
connected between the inverted input end (-) of the 
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operational amplifier (31a) and the direct current 
voltage generator (25), whereby a subtracted and 
combined signal obtained by subtracting and combining 
by the operational amplifier (31a) the low frequency 
5 band and the direct current component of the input 

digital signal passed to the other end of the first 
coil (23) input to the non-inverted input end (+) of 
the operational amplifier (31a) and the direct current 
bias voltage from the direct current voltage generator 

10 (25) input to the inverted input end (-) of the 

operational amplifier (31a) is output to the output 
terminal (20b) via the other end of the second 
coil (22) from the output end of the operational 
amplifier (31a) . 

15 Further, in order to achieve the above-described 

object, according to a thirteenth aspect of the present 
invention, there is provided the pulse pattern 
generator according to the twelfth aspect, wherein the 
direct current inputting resistor (31e) connected 

20 between the inverted input end (-) of the operational 

amplifier (31a) and the direct current voltage 
generator (25) has a value equal to a value of the 
feedback resistor (31c) connected between the output 
end of the operational amplifier (31a) and the inverted 

25 input end (-) as the predetermined value, and the 

frequency characteristic compensating circuit (35) is 
composed of a capacitor (Cc) and a resistor (Rc) 
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connected in serial between the inverted input end (-) 
and the reference electronic potential point (earth 
line) of the operational amplifier (31a) . 

Further, in order to achieve the above-described 
object, according to a fourteenth aspect of the present 
invention, there is provided the pulse pattern 
generator according to the twelfth aspect, wherein the 
frequency characteristic compensating circuit (35) is 
composed of a serial circuit of a coil (Lc) and a 
resistor (Rc' ) connected between the output end and the 
inverted input end (-) of the operational amplifier 
(31a), and the direct current inputting resistor (31e) 
connected between the inverted input end (-) of the 
operational amplifier (31a) and the direct current 
voltage generator (25) has a value equal to a parallel 
combined resistance value of the feedback resistor 
(31c) of the operational amplifier (31a) and the 
resistor (Rc' ) of the frequency characteristic 
compensating circuit (35) as the predetermined value. 

Further, in order to achieve the above-described 
object, according to a fifteenth aspect of the present 
invention, there is provided the pulse pattern 
generator according to the twelfth aspect, wherein the 
direct current inputting resistor (31e) has a value 
equal to a value of the feedback resistor (31c) as the 
predetermined value, the frequency characteristic 
compensating circuit (35' ) is compatible with the 
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feedback resistor (31c) connected between the output 
end and the inverted input end (-) of the operational 
amplifier (31a) by means of the resistor (Rc' ) of the 
frequency characteristic compensating circuit (35')/ 
5 and is composed of a coil (Lc) connected in series 

between the resistor (Rc' ) compatible with the feedback 
resistor (31c) and the inverted input end (-) , and a 
resistance value of the resistor (Rc' ) of the frequency 
characteristic compensating circuit (35' ) compatible 

10 with the feedback resistor (31c) of the operational 

amplifier (31a) is set to be equal to a resistance 
value of the direct current inputting resistor (31e) 
from the direct current voltage generator (25) . 

Further^ in order to achieve the above-described 

15 object, according to a sixteenth aspect of the present 

invention, there is provided a pulse pattern generator 
comprising: a digital signal output section (101) which 
outputs a digital signal having a wideband frequency 
characteristic including a low frequency band, a direct 

20 current component, and a high frequency band, the 

digital signal being of a desired pulse pattern 
including a data pattern such that identical bit data 
are continuous; and a digital signal offset adjusting 
apparatus (20) connected to the digital signal output 

25 section (101), wherein the digital signal offset 

adjusting apparatus (20) comprises: an input terminal 
(20a) to which a digital signal of a desired pulse 
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pattern having a wideband frequency characteristic 
including the low frequency band, the direct current 
component, and the high frequency band output from the 
digital signal output section (101) is input as an 
input digital signal; a direct current voltage 
generator (25) which outputs a desired direct current 
bias voltage; an output terminal (20b) to output an 
output digital signal obtained by applying the direct 
current bias voltage output from the direct current 
voltage generator (25) to the low frequency band, the 
direct current component, and the high frequency band 
of the input digital signal input to the input terminal 
(20a); a capacitor (21) which is connected between the 
input terminal (20a) and the output terminal (20b), and 
which causes the output terminal (20b) to pass through 
the high frequency band of the input digital signal 
input to the input terminal (20a) ; a first coil (23) , 
one end of which is connected to the input terminal 
(20a), and which passes the low frequency band and the 
direct current component of the input digital signal to 
another end; a second coil (22) , one end of which is 
connected to the output terminal (20b) ; a first 
operational amplifier (40), a first input end of which 
is connected to the other end of the first coil (23) , a 
second input end of which is connected to a reference 
electrical potential point (earth line) , and which 
outputs from an output end a first inverted and 
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amplified signal obtained by inverting and amplifying 
the low frequency band and the direct current component 
of the input digital signal passed to the other end of 
the first coil (23) ; a second operational amplifier 
5 (41), a first input end of which is connected to the 

direct current voltage generator (25) , a second input 
end of which is connected to the reference electrical 
potential point (earth line), and which outputs from an 
output end a second inverted and amplified signal 

10 obtained by inverting and amplifying the direct current 

bias voltage output from the direct current voltage 
generator (25); a third operational amplifier (42), a 
first input end of which is connected in common to each 
of the output ends of the first and second operational 

15 amplifiers (40, 41), a second input end of which is 

connected to the reference electrical potential point 
(earth line) , and which inverts and amplifies a 
combined signal obtained by combining the first and 
second inverted and amplified signals and outputs the 

20 inverted and amplified signal to another end of the 

second coil (22); and first and second frequency 
characteristic compensating circuits (35a, 35b) 
connected between the reference electrical potential 
point (earth line) and each of the first input end of 

25 the first and third operational amplifiers (40, 42) or 

between each of the first input end and the output end 
of the first and third operational amplifiers (40, 42), 
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the first and second frequency characteristic 
compensating circuits being adopted to compensate for a 
frequency characteristic so that a gain of each of the 
first and third operational amplifiers (40, 42) 
increases with a component having a higher frequency 
from among the low frequency bands of the input digital 
signal passed to the other end of the first coil (23) . 

Further, in order to achieve the above-described 
object, according to a seventeenth aspect of the 
present invention, there is provided the pulse pattern 
generator according to the sixteenth aspect, wherein, 
when the first and second input ends of the first to 
third operational amplifiers (40, 41, 42) of the 
digital signal offset adjusting apparatus (20) are an 
inverted input end (-) and a non-inverted input end 
(+) , respectively, each of the non-inverted input ends 
{+) of the first to third operational amplifiers (40, 
41, 42) is connected to the reference electrical 
potential point (earth line), an input matching 
resistor (31b) having a predetermined value is 
connected between the reference electrical potential 
point (earth line) and the inverted input end (-) of 
the first operational amplifier (40) , first to third 
feedback resistors (31cl, 31c2, 31c3) are connected, 
respectively, between the output end and the inverted 
input end (-) of each of the first to third operational 
amplifiers (40, 41, 42), a direct current inputting 
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resistor {31e) having a predetermined value is 
connected between the inverted input end (-) of the 
second operational amplifier (41) and the direct 
current voltage generator (25)^ first and second output 
5 matching resistors (31dl, 31d2) each having a 

predetermined value are connected, respectively, 
between the output end of each of the first and second 
operational amplifiers (40, 41) and the inverted input 
end (-) of the third operational amplifier (42), and a 

10 third output matching resistor (31d3) having the 

predetermined value is connected between the output end 
of the third operational amplifier (42) and the other 
end of the second coil (22), whereby an added and 
combined signal obtained by adding and combining the 

15 first and second inverted and amplified signals output 

from each of the output ends of the first and second 
operational amplifiers (40, 41) is output to the output 
terminal (20b) via the other end of the second coil 
(22) from the output end of the third operational 

20 amplifier (42) which inverts and amplifies the added 

and combined signal. 

Further, in order to achieve the above-described 
object, according to an eighteenth aspect of the 
present invention, there is provided the pulse pattern 

25 generator according to the seventeenth aspect, wherein 

the direct current inputting resistor (31e) connected 
between the inverted input end {-) of the second 



operational amplifier (41) and the direct current 
voltage generator (25) has a value equal to a value of 
the second feedback resistor (31c2) connected between 
the output end and the inverted input end (-) of the 
second operational amplifier (41) as the predetermined 
value, and the first and second frequency 
characteristic compensating circuits (35a, 35b) are 
composed of a capacitor (Ccl, Cc2) and a resistor (Rcl, 
Rc2) connected in series, respectively, between the 
reference electrical potential point (earth line) and 
each of the inverted input end (-) of the first and 
second operational amplifiers (40, 41) . 

Further, in order to achieve the above-described 
object, according to a nineteenth aspect of the present 
invention, there is provided the pulse pattern 
generator according to the seventeenth aspect, wherein 
the direct current inputting resistor (31e) connected 
between the inverted input end (-) of the second 
operational amplifier (41) and the direct current 
voltage generator (25) has a value equal to a value of 
the second feedback resistor (31c2) connected between 
the output end and the inverted input end (-) of the 
second operational amplifier (41) as the predetermined 
value, and the first and second frequency 
characteristic compensating circuits {35a, 35b) are 
composed of a serial circuit of a coil (Lcl, Lc2) and a 
resistor (Rcl, Rc2) connected between each of the 
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output end and the inverted input end {-) of the first 
and third operational amplifiers (40, 42), 
respectively. 

Further, in order to achieve the above-described 
5 object, according to a twentieth aspect of the present 

invention, there is provided the pulse pattern 
generator according to the nineteenth aspect, wherein 
the first and second frequency characteristic 
compensating circuits (35a', 35b') are compatible with 

10 the first and third feedback resistors (31cl, 31c3) 

connected between the output end and the inverted input 
end (-) of each of the first and third operational 
amplifiers (40) by a resistor (Rcl, Rc2) of each of the 
first and second frequency characteristic compensating 

15 circuits (35a', 35b'), respectively, and are composed 

of a coil (Lcl, Lc2) connected in series between each 
of the resistors (Rcl, Rc2) compatible with the first 
and third feedback resistors (31cl, 31c3) and each of 
the inverted input ends (-) of the first and third 

20 operational amplifiers (40) . 

Brief Description of Drawings 
FIG. 1 is a connection diagram showing a 
configuration of a first embodiment of a digital signal 
offset adjusting apparatus according to the present 

25 invention; 

FIG. 2 is a view showing a transmission 
characteristic example between an input and an output 
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without compensation using a frequency characteristic 
compensating circuit of the digital signal offset 
adjusting apparatus according to the first embodiment 
shown in FIG. 1; 
5 FIG. 3 is a view showing a transmission 

characteristic example between an input and an output 
without compensation using the frequency characteristic 
compensating circuit of the digital signal offset 
adjusting apparatus according to the first embodiment 

10 shown in FIG. 1; 

FIG. 4 is a view showing a transmission 
characteristic example between an input and an output 
without compensation using the frequency characteristic 
compensating circuit of the digital signal offset 

15 adjusting apparatus according to the first embodiment 

shown in FIG. 1; 

FIG. 5 is a view showing a transmission 
characteristic example between an input and an output 
with compensation using the frequency characteristic 

20 compensating circuit of the digital signal offset 

adjusting apparatus according to the first embodiment 
shown in FIG. 1; 

FIG. 6 is a connection diagram showing a 
configuration of a second embodiment of a digital 

25 signal offset adjusting apparatus according to the 

present invention; 

FIG. 7 is a connection diagram showing a 
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configuration of a conventional digital signal offset 
adjusting apparatus; 

FIG. 8 is a connection diagram showing a 
configuration of a third embodiment of a digital signal 
5 offset adjusting apparatus according to the present 

invention; 

FIG. 9 is a connection diagram showing a 
configuration of a fourth embodiment of a digital 
signal offset adjusting apparatus according to the 
10 present invention; 

FIG. 10 is a connection diagram showing a 
configuration of a pulse pattern generator according to 
a fifth embodiment of the present invention; 

FIG- 11 is a connection diagram showing a 
15 configuration of a pulse pattern generator according to 

a sixth embodiment of the present invention; 

FIG. 12 is a connection diagram showing a 
configuration of a pulse pattern generator according to 
a seventh embodiment of the present invention; 
20 FIG. 13 is a connection diagram showing a 

configuration of a pulse pattern generator according to 
an eighth embodiment of the present invention; 

FIG. 14 is a connection diagram showing a 
configuration of a pulse pattern generator according to 
25 a ninth embodiment of the present invention; 

FIG. 15 is a connection diagram showing a 
configuration of a pulse pattern generator according to 



a tenth embodiment of the present invention; 

FIG. 16 is a connection diagram showing a 
configuration of a pulse pattern generator according to 
an eleventh embodiment of the present invention; and 

FIG. 17 is a connection diagram showing a 
configuration of a pulse pattern generator according to 
a twelfth embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

Hereinafter, with reference to the accompanying 
drawings, a description will be given with respect to 
some embodiments of a digital signal offset adjusting 
apparatus and a pulse pattern generator using the 
apparatus according to the present invention. 
( First embodiment ) 

FIG. 1 shows a circuit configuration of a digital 
signal offset adjusting apparatus 20 according to a 
first embodiment of the present invention. 

This digital signal offset adjusting apparatus 20 
according to the first embodiment shown in FIG. 1 has 
basic constituent elements such as: an input terminal 
20a having input thereto an input digital signal having 
a wideband frequency characteristic including a direct 
current component and a low frequency band to a high 
frequency band; a direct current voltage generator 25 
for outputting a desired direct current bias voltage; 
an output terminal 20b for outputting an output digital 
signal obtained by applying the direct current bias 
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voltage output from the direct current voltage 
generator 25 to a low frequency band, a direct current 
component, and a high frequency band of an input 
digital signal input to the input terminal 20a; a 
5 capacitor 21 connected between the input terminal 20a 

and the output terminal 20b, the capacitor causing the 
output terminal to pass through a high frequency band 
of an input digital signal input to the input terminal 
20a; a first coil 23 whose one end is connected to the 

10 input terminal 20a, and which passes a low frequency 

band and a direct current component of an input digital 
signal to another end; a second coil 22 whose one end 
is connected to the output terminal 20b; a operational 
amplifier 31a, a first input end of which is connected 

15 to the other end of the first coil 23, a second input 

end of which is connected to the direct current voltage 
generator 25, an output end of which is connected to 
the other end of the second coil 22, the operational 
amplifier outputting to the output terminal 20b via 

20 another end of the second coil 22 from an output end, 

the low frequency band of the input digital signal 
passed to the other end of the first coil 23 input to 
the first and second input ends and a composite signal 
obtained by combining the direct current component and 

25 the direct current bias voltage output from the direct 

current voltage generator 25; and a frequency 
characteristic compensating circuit 35 connected 
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between a reference electrical potential point (earth 
line) and the second input end of the operational 
amplifier 31a or between the second input end and an 
output end, the compensating circuit being adopted to 
compensating for a frequency characteristic so that a 
gain of the operational amplifier 31a increases with a 
component having a higher frequency from among low 
frequency bands of input digital signals passed to the 
other end of the first coil 23. 

Specifically, as shown in FIG. 1, between the 
input terminal 20a and the output terminal 20b of the 
digital signal offset adjusting apparatus 20, like the 
conventional digital signal offset adjusting apparatus, 
there is connected the capacitor 21 for passing an 
alternating current component (hereinafter, referred to 
as a high frequency band) Da having a predetermined 
frequency or more included in the digital signal D 
input from the input terminal 20a. 

In addition, one end of the bias applying coil 
(second coil) 22 is connected to the output terminal 
20b. 

In addition, to the input terminal 20a, for 
example, from among frequency components of the digital 
signal D input from a digital signal output section of 
a pulse pattern generator described later, there is 
connected one end of a low frequency extracting coil 
(first coil) 23 for extracting a signal Db including a 
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component greatly attenuated by the capacitor 21 
(component which cannot be passed), i.e., a component 
equal to or smaller than the predetermined frequency, 
(hereinafter, referred to as a low frequency band) and 
5 a direct current component. 

Although the inductance of this low frequency 
extracting coil 23 may be different from that of the 
bias applying coil 22, this inductance is defined to be 
equal here. 

10 The signal Db including the low frequency band and 

direct current component sampled by the low frequency 
extracting coil 23 is input to a combining circuit 30 
together with an direct current signal Ddc of an 
arbitrary voltage Vd output from the direct current 

15 voltage generator 25. 

Here, the arbitrary voltage Vd output from the 
direct current voltage generator 25 is set at a desired 
voltage by a bias voltage setting section 26, as 
described later. 

20 The combining circuit 30 subtracts and combines a 

direct current signal Ddc with respect to the signal Db 
including a low frequency band and a direct current 
component output from the low frequency extracting coil 
23, and supplies the subtracted and combined signal 

25 obtained by the subtraction and combining to the other 

end of the bias applying coil 22. 

Here, the combining circuit 30, as shown in 



34 



FIG. 1, is obtained as a differential amplifier circuit 
using an operational amplifier 31a, 

That is, in this combining circuit 30, for 
example, an input matching resistor 31b of 50Q is 
connected between an inverted input end (+) serving as 
a first input end and a reference electrical potential 
point (earth line) of the operational amplifier 31a. 

In addition, a feedback resistor 31c is connected 
between an output end of the operational amplifier 31a 
and an inverted input end (-) serving as a second input 
end. 

In addition, an output matching resistor 31d of 
50Q, for example, is connected between the output end 
of the operational amplifier 31a and the bias applying 
coil 22. 

In addition, a direct signal Ddc is designed to be 
input from the direct current voltage generator 25 via 
a direct current inputting resistor 31e having a 
resistance value equal to that of the feedback resistor 
31c to the inverted input end (-) of the operational 
amplifier 31a. 

An output resistance (internal resistance) of the 
direct current voltage generator 25 is small to an 
ignorable extent to the feedback resistor 31c and the 
direct current inputting resistor 31e, and is connected 
to a reference electrical potential point (earth line) 
from the viewpoint of an alternating current. 
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In the thus configured digital signal offset 
adjusting apparatus 20, if a compensation action of a 
frequency characteristic compensating circuit 35 
described later is ignored, the operational amplifier 
5 31a of the combining circuit 30 acts as a phased buffer 

of a gain 1 with respect to a low frequency band Db 
including an attenuation component caused by the output 
matching resistor 31d, assuming that the output 
terminal 20b is terminated at 50fi. 
10 In addition, the operational amplifier 31a of the 

combining circuit 30 acts as an inverted buffer 
(attenuator) having a gain 0,5 with respect to the 
direct current component Ddc of the voltage Vd output 
from the direct current voltage generator 25. 
15 Namely, an output signal Vo of the combining 

circuit 30 is obtained as Vo = Db - Vd/2. 

Here, assuming that the low frequency band Db is a 
sum of a direct current component Vdc and an 
alternating current component Vac, the output signal Vo 
20 is obtained as Vo = Vac + (Vdc - Vd/2) . 

This output signal Vo is input to the other end of 
the capacitor 21, i.e., to the output terminal 20b, via 
the bias applying coil 22. 

Therefore, a digital signal D' to be output from 
25 the output terminal 20b is obtained as D' = Da + Vo = 

(Da + Vac) + (Vdc - Vd/2). 

In the above formula, (Da + Vac) is an alternating 
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current component, and (Vdc - Vd/2) is a direct current 
component. Thus, the output voltage Vd of the direct 
current voltage generator 25 is set to be variably 
adjusted by the voltage setting section 26 so that its 
5 direct current component (Vdc - Vd/2) is obtained as a 

desired value in the output terminal 20b, whereby a 
desired bias voltage can be applied to the digital 
signal D' , that is, an offset of the digital signal D' 
can be adjusted at a desired value. 

10 On the other hand, a frequency range of an 

alternating current component Vac of a high frequency 
band Da and a low frequency band Db is determined by a 
capacitance C of the capacitor 21 and an inductance L 
of the bias applying coil 22 and the low frequency 

15 extracting coil 23. 

In this case, values of the capacitance C of the 
capacitor 21 and the inductance L of the bias applying 
coil 22 and the low frequency extracting coil 23 are 
set so that a lower limit frequency of a frequency 

20 range of the high frequency band Da and an upper 

frequency of the alternating current component Vac of 
the low frequency band Db are substantially identical 
to each other. 

In addition, in this combining circuit 30, there 

25 is provided a frequency characteristic compensating 

circuit 35 for compensating for gain lowering in a 
specific frequency range between signal channels from 



37 



the input terminal 20a to the output terminal 20b. 

This frequency characteristic compensating circuit 
35 is composed of a capacitor Cc and a resistor Rc 
connected in series between an inverted input end (-) 
and a reference electrical potential point (earth line) 
of the operational amplifier 31a of the combining 
circuit 30. 

That is, the frequency characteristic compensating 
circuit 35 lowers impedance as its frequency increases 
with respect to an alternating circuit component Vac of 
a low frequency band Db, and lowers parallel combining 
impedance between the resistor Rc and the direct 
current inputting resistor 31e, thereby raising the 
gain of the operational amplifier 31a determined by a 
ratio between its parallel combining impedance and the 
feedback resistor 31c. 

In addition, the frequency characteristic 
compensating circuit 35 has an action of increasing a 
gain of a frequency bandwidth (peaking effect) in the 
vicinity of the upper limit of the alternating current 
component Vac caused by a gain raise of the operational 
amplifier 31a and signal attenuation (gain lowering) 
caused by the inductance L of the bias applying coil 22 
and the low frequency extracting coil 23. 

Now, a simulation result of the above-described 
embodiment will be described here. 

FIGS. 2 to 4 each show a low area portion of input 
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and output transmission characteristics when inductance 
L of each of the bias applying coil 22 and the low 
frequency extracting coil 23 are defined as 1 mH, 3 mH, 
and 5 mH in the case where the above-described 
frequency characteristic compensating circuit 35 is not 
included . 

In FIGS. 2 to 4, a high area portion exceeding 
1 MHz from among the input and output transmission 
characteristics is omitted because it is flat up to a 
desired bandwidth of a GHz band, for example. 

In addition, the capacitance C of the capacitor 21 
for use in obtaining input and output transmission 
characteristics of FIGS. 2 to 4 is 10 jiF. 

As is evident from these figures, FIGS. 2 to 4, in 
any inductance value also, a frequency region in which 
a gain is slightly lowered in a low area portion 
occurs . 

The frequency region in which a gain is slightly 
lowered is shifted to a low area side with an increase 
of the inductances of the bias applying coil 22 and the 
low frequency extracting coil 23. Thus, it is 
estimated that this frequency lowering is caused by a 
parallel resonance action or the like between a direct 
current component of the inductances of the low 
frequency extracting coil 23 and the bias applying coil 
22 and the capacitor 21. 

In this case, the input matching resistor 31b 
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having a low resistance is inserted, and thus a Q value 
of a parallel resonance circuit is low, thereby the 
gain lowering is slow. 

Therefore, if the above-described gain lowing is 
compensated for by means of the frequency 
characteristic compensating circuit 35, as shown in 
FIG. 5, a flat input and output transmission 
characteristic can be obtained over a wider frequency 
range . 

FIG. 5 shows input and output transmission 
characteristics between input and output terminals 20a 
and 20b when 0.12 |JiF is used as a capacitor Cs of the 
frequency characteristic compensating circuit 35 and a 
47Q compensating circuit 35 is used as a resistor Rc in 
order to increase an alternating current amplitude of 
the operational amplifier 31a in a gain lowering region 
of a characteristic (L = 3 mH) shown in FIG. 3. 

As is evident from comparison between this input 
and output transmission characteristic shown in FIG. 5 
and input and output transmission characteristics 
without frequency characteristic compensation shown in 
FIG. 3, a gain lowering area as observed in a low area 
portion of FIGS. 2 to 4 is eliminated, and a 
characteristic close to be completely flat over a 
substantially full area can be obtained. 

Therefore, in the digital signal offset adjusting 
apparatus 20 using this frequency characteristic 
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compensating circuit 35, a high frequency band from a 
direct current component and a low frequency band to 
several GHz can be uniformly transmitted from among the 
frequency components included in an input digital 
5 signal, and signal transmission free from a waveform 

distortion can be carried out. 

In addition, the combining circuit 30 of the 
above-described embodiment is composed of a 
differential amplifier circuit using a single 

10 operational amplifier 31a. Thus, circuit configuration 

is simple and can be downsized, and only one circuit is 
affected by a direct current offset error of a 
operational amplifier itself or its drift, and stable 
direct current bias supply can be carried out. 

15 (Second embodiment) 

FIG. 6 shows a circuit configuration of a digital 
signal offset adjusting apparatus 20 according to a 
second embodiment of the present invention. 

In FIG. 6, with respect to the same circuit 

20 components as those of the digital signal offset 

adjusting apparatus 20 according to the first 
embodiment of the present invention shown in FIG. 1, a 
description thereof is omitted by using the same 
reference numerals, respectively. 

25 That is, in the digital signal offset adjusting 

apparatus 20 according to the second embodiment of the 
present invention shown in FIG. 6, a configuration of a 
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frequency characteristic compensating circuit 35' is 
different from that of the frequency characteristic 
compensating circuit 35 of the digital signal offset 
adjusting apparatus 20 according to the first 
5 embodiment shown in FIG. 1 described previously. 

The above difference occurs in a case in which the 
frequency characteristic compensating circuit 35 of the 
digital signal offset adjuster 20 according to the 
first embodiment shown in FIG. 1 described previously 

10 is composed of a serial circuit between the capacitor 

Cc and the resistor Rc connected between an inverted 
input end (-) and a reference electrical potential 
point (earth line) of a operational amplifier 31a of a 
combining circuit 30. 

15 In contrast, in the digital signal offset 

adjusting apparatus 20 according to the second 
embodiment shown in FIG. 6, the frequency 
characteristic compensating circuit 35' is composed of 
a serial circuit between a coil Lc and a resistor Rc' 

20 connected between an output terminal and an inverted 

input end (-) of the operational amplifier 31a. 

In this case, a parallel combining resistance 
value between the feedback resistor 31c of the 
operational amplifier 31a and the resistor Rc of the 

25 frequency characteristic compensating circuit 35' may 

be set to be equal to a resistance value of a direct 
current inputting resistor 31e from a direct current 
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voltage generator 25. 

That is, the frequency characteristic compensating 
circuit 35', like the frequency characteristic 
compensating circuit 35 of FIG. 1, lowers impedance as 
5 its frequency increases with respect to an alternating 

current component Vac of a low frequency band Db, and 
lowers parallel combining impedance between the 
resistance Rc and the direct current input resistor 
31e, thereby raising the gain of the operational 

10 amplifier 31a determined depending on a ratio between 

its parallel combining impedance and the feedback 
resistor 31c. 

The thus configured frequency characteristic 
compensating circuit 35 of FIG, 6, like the frequency 

15 characteristic compensating circuit 35 of FIG. 1, has 

an action of increasing a gain of a frequency bandwidth 
(peaking effect) in the vicinity of an upper limit of 
an alternating current component Vac by a gain raise of 
the operational amplifier 31a and signal attenuation 

20 (gain lowering) caused by an inductance L of each of a 

bias applying coil 22 and a low frequency extracting 
coil 23. 

(Third embodiment) 

FIG. 8 shows a circuit configuration of a digital 
25 signal offset adjusting apparatus 20 according to a 

third embodiment of the present invention. 

In FIG. 8, with respect to the same circuit 



43 



components as those of the digital signal offset 
adjusting apparatus 20 according to the second 
embodiment shown in FIG. 6, a description thereof is 
omitted by using the same reference numerals, 
5 respectively. 

That is, in the digital signal offset adjusting 
apparatus 20 according to the third embodiment of the 
present invention shown in FIG. 8, a configuration of a 
frequency characteristic compensating circuit 35' is 

10 different from that of the frequency characteristic 

compensating circuit 35' of the digital signal offset 
adjusting apparatus 20 according to the second 
embodiment shown in FIG. 6 described previously. 

In the digital signal offset adjusting apparatus 

15 20 according to the second embodiment shown in FIG. 6 

described previously, the above difference occurs in a 
case in which the frequency characteristic compensating 
circuit 35' is composed of a serial circuit between a 
coil Lc and a resistor Rc' connected between an output 

20 terminal and an inverted input end (-) of the 

operational amplifier 31a. 

In contrast, in the digital signal offset 
adjusting apparatus 20 according to the third 
embodiment shown in FIG. 8, the frequency 

25 characteristic compensating circuit 35' is compatible 

with a feedback resistor 31c of the operational 
amplifier 31a by means of the resistor Rc' of the 



frequency characteristic compensating circuit 35' shown 
in FIG. 6 described previously, and the coil Lc is 
composed to be inserted in series between the resistor 
Rc' compatible with this feedback resistor 31c and the 
inverted input end (-) of the operational amplifier 
31a. 

In this case, the resistance value of the resistor 
Rc' of the frequency characteristic compensating 
circuit 35' compatible with the feedback resistor 31c 
of the operational amplifier 31a may be set to be 
equal to the resistance value of a direct current 
inputting resistor 31e from a direct current voltage 
generator 25. 

That is, the frequency characteristic compensating 
circuit 35' of FIG. 8, like the frequency 
characteristic compensating circuit 35 of FIG. 1, 
lowers impedance as its frequency increases with 
respect to an alternating current component Vac of a 
low frequency band Db, and lowers parallel combining 
impedance between the resistance Rc and the direct 
current inputting resistor 31e, thereby raising the 
gain of the operational amplifier 31a determined 
depending on a ratio between its parallel combining 
impedance and the resistor Rc compatible with the 
feedback resistor . 

The thus configured frequency characteristic 
compensating circuit 35' of FIG. 8, like the frequency 
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characteristic compensating circuit 35 of FIG. 6, has a 
function of increasing a gain of a frequency bandwidth 

(peaking effect) in the vicinity of an upper limit of 
an alternating current component Vac by the gain raise 
5 of the operational amplifier 31a and signal attenuation 

(gain lowering) caused by an inductance L of each of a 
bias applying coil 22 and a low frequency extracting 
coil 23. 

( Fourth embodiment ) 
10 FIG. 9 shows a circuit configuration of a digital 

signal offset adjusting apparatus 20 according to a 
fourth embodiment of the present invention. 

In FIG. 9, with respect to the same circuit 
constituent elements as those of the digital signal 
15 offset adjusting apparatus 20 according to the first 

embodiment shown in FIG. 1 described previously, a 
description thereof is omitted by using the same 
reference numerals, respectively. 

That is, in the digital signal offset adjusting 
20 apparatus 20 according to the fourth embodiment of the 

present invention shown in FIG. 9, a configuration of a 
combining circuit 30 is different from that of the 
combining circuit 30 of the digital signal offset 
adjusting apparatus 20 according to the first 
25 embodiment shown in FIG. 1 described previously. 

In the combining circuit 30 of the digital signal 
offset adjusting apparatus 20 according to the first 



embodiment shown in FIG. 1 described previously, the 
above difference occurs in a case in which a signal 
output from a low frequency extracting coil 23 and a 
direct current signal Ddc from a direct current voltage 
generator 25 are configured so as to be subtracted and 
combined by one operational amplifier 31a. 

In contrast, in the digital signal offset 
adjusting apparatus 20 according to the fourth 
embodiment shown in FIG. 9, the combining circuit 30 is 
configured so as to add and combine the signal output 
from the low frequency extracting coil 23 and the 
direct current signal Ddc from the direct current 
voltage generator 25 by using a plurality of 
operational amplifiers . 

Specifically, as shown in FIG. 9, the combining 
circuit 30 has: a first operational amplifier 40 in 
which an inverted input end (-) is connected to the 
other end of the low frequency extracting coil 23, and 
a first inverted and amplified signal obtained by 
inverting and amplifying a low frequency band and a 
direct current component of an input digital signal 
passed to the other end of the low frequency extracting 
coil 23 is output from an output end; a second 
operational amplifier 41 in which an inverted input end 
{-) is connected to an output end of the direct current 
voltage generator 25, and a second inverted and 
amplified signal obtained by inverting and amplifying 
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the direct current bias output from the direct current 
voltage generator 25 is output from an output end; and 
a third operational amplifier 42 in which an inverted 
input end (-) is connected to each of the output ends 
5 of the first and second operational amplifiers 40 and 

41, an added and combined signal obtained by adding and 
combining the first and second inverted and amplified 
signals is inverted and amplified, and is output to the 
other end of the bias applying coil 22 from the output 
10 end. 

Here, each of the non-inverted input ends (+) of 
the first to third operational amplifiers 40, 41, and 
42 is connected to a reference electrical potential 
point (earth line) . 

15 Feedback resistors 31cl, 31c2, and 31c3 are 

connected, respectively, between output ends and 
inverted input ends (-) of the first to third 
operational amplifiers 40, 41, and 42, and output 
matching resistors 31dl, 31d2, and 31d3 are connected, 

20 respectively, between each of the output ends of the 

first and second operational amplifiers 40 and 41 and 
the inverted input end (-) of the third operational 
amplifier 42 and between its output end and the bias 
applying coil 22. 

25 In addition, the combining circuit 30 shown in 

FIG. 9 has first and second frequency characteristic 
compensating circuits 35a and 35b connected to each of 
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the inverted input ends (-) of the first to third 
operational amplifiers 40 and 42, respectively, instead 
of the frequency characteristic compensating circuit 35 
of FIG. 1, the circuits being adopted to compensate for 
5 a frequency characteristic so as to increase the gain 

of each of the first and third operational amplifiers 
40 and 42 with a component having a higher frequency 
from among the low frequency bands of the input digital 
signal passed to the other end of the low frequency 
10 extracting coil 23. 



These first and second frequency characteristic 



compensating circuits 35a and 35b, respectively, like 



the frequency characteristic compensating circuit 35 of 



the digital signal offset adjusting apparatus 20 



15 



according to the first embodiment shown in FIG. 1, are 



composed of a serial circuit between capacitors Ccl and 



Cc2 and resistors Rcl and Rc2 connected between each of 



the inverted input ends {-) and a reference electrical 



potential point (earth line) of each of the operational 



20 



amplifiers 40 and 42 of the combining circuit 30. 



That is, a signal output from the low frequency 



extracting coil 23 is inverted and amplified by means 



of the first operational amplifier 41; a direct current 



signal Ddc from the direct voltage generator 25 is 



25 



inverted and amplified by means of the second 



operational amplifier 41; and a combining and adding 



signal of the first and second inverted and amplified 
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signals from each of the output ends of the first and 
second operational amplifiers 40 and 41 is inverted and 
amplified by means of the third operational amplifier 
42, whereby the added and combined signal of the first 
5 and second inverted and amplified signals can be output 

from the output end of the third operational amplifier 
42 to the other end of the bias applying coil 22. 

In this case, an output signal Vo of the combining 
circuit 30 of FIG. 9 is obtained as Vo = Db + Vd/2, 
10 assuming that the output signal conforms to a condition 

similar to that of FIG. 1 of the combing circuit 30. 

Here, assuming that a low frequency band Db is a 
sum of a direct current component Vdc and an 
alternating current component Vac, the output signal Vo 
15 is obtained as Vo = Vac + (Vdc + Vd/2) . 

This output signal Vo is input to the other end of 
the capacitor 21, i.e., to an output terminal 20b, via 
the bias applying coil 22. 

That is, a digital signal D' output from the 
20 output terminal 20b is obtained as D' = Da + Vo = 

(Da + Vac) + (Vdc + Vd/2). 

In the above formula, (Da + Vac) is an alternating 
current component, and (Vdc + Vd/2) is a direct current 
component. Thus, an output voltage Vd of the direct 
25 current voltage generator 25 is set to be variably 

adjusted by a bias voltage setting section 26 so that 
its direct current component (Vdc + Vd/2) is obtained 
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as a desired value in the output terminal 20b, whereby 
a desired bias voltage can be applied to the digital 
signal D' , i.e., an offset of the digital signal D' can 
be adjusted to a desired value. 

On the other hand, the frequency ranges of a high 
frequency band Da and the alternating current component 
Vac of the low frequency band Db are determined by a 
capacitance C of the capacitor 21 and an inductance L 
of the bias applying coil 22 and the low frequency 
extracting coil 23. 

In this case, the values of the capacitance C of 
the capacitor 21 and the inductance L of each of the 
bias applying coil 22 and the low frequency extracting 
coil 23 are set so that the lower limit frequency in 
the frequency range of the high frequency band Da and 
the upper limit frequency of the alternating current 
component Vac of the low frequency band Db are 
substantially identical to each other. 

In addition, the first and second frequency 
characteristic compensating circuits 35a and 35b 
provided in the combining circuit 30, respectively, 
like the frequency characteristic compensating circuit 
35 shown in FIG. 1, are designed to compensate for 
frequency characteristics so as to increase the gain at 
a higher frequency thereof with respect to a signal 
output from the low frequency extracting coil 23 and a 
first inverted and amplified signal from the first 
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operational amplifier 40 in the first and third 
operational amplifiers 40 and 42. 

The thus configured first and second frequency 
characteristic circuits 35a and 35b of FIG. 9, 
5 respectively, like the frequency characteristic 

compensating circuit 35' of FIG. 6, has a function of 
increasing the gain of a frequency bandwidth (peaking 
effect) in the vicinity of an upper limit of the 
alternating current component Vac by the gain raise of 

10 each of the operational amplifiers 40 and 42 and signal 

attenuation (gain lowering) caused by the inductance L 
of each of the bias applying coil 22 and the low 
frequency extracting coil 23. 
( Fifth embodiment) 

15 FIG. 10 shows a circuit configuration of a digital 

signal offset adjusting apparatus 20 according to a 
fifth embodiment of the present embodiment. 

In FIG. 10, with respect to the same circuit 
constituent elements as those of the digital signal 

20 offset adjusting apparatus 20 according to the fourth 

embodiment shown in FIG. 9 described previously, a 
description thereof is omitted by using the same 
reference numerals, respectively. 

That is, in the digital signal offset adjusting 

25 apparatus 20 according to the fifth embodiment of the 

present invention shown in FIG. 10, a configuration of 
first and second frequency characteristic circuits 35a' 
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and 35' is different from that of the first and second 
frequency characteristic circuits 35a and 35b of the 
digital signal offset adjusting apparatus 20 according 
to the fourth embodiment shown in FIG. 9 described 
previously. 

The above difference occurs in a case in which the 
first and second frequency characteristic compensating 
circuits 35a and 35b of the digital signal offset 
adjusting apparatus 20 according to the fourth 
embodiment shown in FIG. 9 described previously are 
composed of a serial circuit of the capacitors Ccl and 
Cc2 and resistors Rcl and Rc2 connected between each of 
the inverted input ends (-) of the operational 
amplifiers 41 and 42 and a reference electrical 
potential point (earth line) in the first and third 
operational amplifiers 40 and 42 of the combining 
circuit 30, respectively. 

In contrast, in the digital signal offset 
adjusting apparatus 20 according to the fifth 
embodiment shown in FIG. 10, the first and second 
frequency characteristic compensating circuits 35a' and 
35b' are composed of a serial circuit between coils Lcl 
and Lc2 and resistors Rcl and Rc2 connected between an 
output end and an inverted input end (-) of each of the 
operational amplifiers 40 and 42, respectively, in the 
first and third operational amplifiers 40 and 42 of the 
combining circuit 30. 
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That is, the first and second frequency 
characteristic compensating circuits 35a' and 35b' of 
FIG. 10, respectively, like the frequency 
characteristic compensating circuit 35 shown in FIG. 1, 
5 are designed to compensate for frequency 

characteristics so as to increase a gain at a higher 
frequency thereof with respect to a signal output from 
the low frequency extracting coil 23 and a first 
inverted and amplified signal from the first 

10 operational amplifier 40 in the first and third 

operational amplifiers 40 and 42. 

The thus configured first and second frequency 
characteristic compensating circuits 35a' and 35b' of 
FIG. 10, respectively, like the frequency 

15 characteristic compensating circuit 35' shown in 

FIG. 6, has a function of increasing the gain of a 
frequency bandwidth (peaking effect) in the vicinity of 
an upper limit of an alternating current component Vac 
by the gain raise of each of the operational amplifiers 

20 40 and 42 and signal attenuation (gain lowering) caused 

by the inductances L of each of the bias applying coil 
22 and the low frequency extracting coil 23. 
(Sixth embodiment) 

FIG. 11 shows a circuit configuration of a digital 

25 signal offset adjusting apparatus 20 according to a 

sixth embodiment of the present invention. 

In FIG. 11, with respect to the same circuit 
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constituent elements as those of the digital signal 
offset adjusting apparatus 20 according to the fifth 
embodiment shown in FIG. 10 described previously, a 
description thereof is omitted by using the same 
5 reference numerals, respectively. 

That is, in the digital signal offset adjusting 
apparatus 20 according to the sixth embodiment of the 
present invention shown in FIG. 11, a configuration of 
first and second frequency characteristic circuits 35a' 
10 and 35' is different from that of the first and second 

frequency characteristic circuits 35a' and 35b' of the 
digital signal offset adjusting apparatus 20 according 
to the fifth embodiment shown in FIG. 10 described 
previously. 

15 The above difference occurs in a case in which, in 

the digital signal offset adjusting apparatus 20 
according to the fifth embodiment shown in FIG. 10 
described previously, the first and second frequency 
characteristic compensating circuits 35a' and 35b' are 

20 composed of a serial circuit between the coils Lcl and 

Lc2 and the resistors Rc' 1 and Rc' 2 connected between 
an output end and an inverted input end (-) of each of 
the operational amplifiers 40 and 42, respectively, in 
the first and third operational amplifiers 40 and 42 of 

25 the combining circuit 30, respectively. 

In contrast, in the digital signal offset 
adjusting apparatus 20 according to the sixth 
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embodiment shown in FIG. 11, feedback resistors 31cl 
and 31c3 of the operational amplifiers 40 and 42 are 
compatible with the resistors Rcl and Rc2 of the first 
and second frequency characteristic compensating 
5 circuits 35a' and 35b' shown in FIG. 10 described 

previously, and the coils Lcl and Lc2 are configured to 
be inserted in series between each of the resistors Rcl 
and Rc2 and an inverted input end (-) of each of the 
operational amplifiers 40 and 42. 

10 That is, the first and second frequency 

characteristic compensating circuits 30a' and 35b' of 
FIG. 11, respectively, like the frequency 
characteristic compensating circuit 35 shown in FIG. 1, 
are designed to compensate for frequency 

15 characteristics so as to increase the gain at a higher 

frequency thereof with respect to a signal output from 
the low frequency extracting coil 23 and a first 
inverted and amplified signal from the first 
operational amplifier 40 in the first and third 

20 operational amplifiers 40 and 42. 

The thus configured first and second frequency 
characteristic compensating circuits 35a' and 35b' of 
FIG. 11, respectively, like the frequency 
characteristic compensating circuit 35' shown in 

25 FIG. 6, has a function of increasing the gain of a 

frequency bandwidth (peaking effect) in the vicinity of 
an upper limit of an alternating current component Vac 
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by the gain raise of each of the operational amplifiers 
40 and 42 and signal attenuation (gain lowering) caused 
by the inductances L of each of the bias applying coil 
22 and the low frequency extracting coil 23. 
5 Therefore, according to the first to sixth 

embodiments of the present invention as described 
above, there can be provided a digital signal offset 
adjusting apparatus capable of solving the problems 
which remain unsolved in the conventional technique and 

10 correctly transmitting a wideband digital signal 

including a low frequency band to a high frequency band 
ranging from a band of several hundred of Hz to GHz, 
for example, without generating a waveform distortion. 
( Seventh embodiment ) 

15 FIG. 12 shows a circuit configuration of a pulse 

pattern generator 100 of a seventh embodiment according 
to the present invention using the digital signal 
offset adjusting apparatus 20 according to the first 
embodiment shown in FIG. 1 described previously. 

20 This pulse pattern generator 100 of the seventh 

embodiment according to the present invention shown in 
FIG. 12 is basically composed of: a digital signal 
output section 101 for outputting a digital signal 
having a wideband frequency characteristic including a 

25 low frequency band, a direct current component, and a 

high frequency band, a digital signal of a desired 
pulse pattern including a data pattern such that 
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identical bit data are continuous; and a digital signal 
offset adjusting apparatus 20 connected to the digital 
signal output section 101. 

In addition, the digital signal offset adjusting 
5 apparatus 20 has: an input terminal 20a to which a 

digital signal of a desired pulse pattern having a 
wideband frequency characteristic including a low 
frequency band, a direct current component, and a high 
frequency band output from the digital signal output 

10 section 101 is input as an input digital signal; a 

direct current voltage generator 25 for outputting a 
desired direct current bias voltage; an output terminal 
20b for outputting an output digital signal obtained 
when a direct current bias voltage output from the 

15 direct current voltage generator 25 has been applied to 

a low frequency band, a direct current component, and a 
high frequency band of an input digital signal input to 
the input terminal 20a; a capacitor 21 connected 
between the input terminal 20a and the output terminal 

20 20b, the capacitor passing a high frequency band of an 

input digital signal input to the input terminal 20a to 
the output terminal; a first coil 23 whose one end is 
connected to the input terminal 20a, the first coil 
passing a low frequency band and a direct current 

25 component of an input digital signal to another end; a 

second coil 22 whose one end is connected to the output 
terminal 20b; a operational amplifier 31a, a first 
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input end of which is connected to the other end of the 
first coil 23, a second input end of which is connected 
to the direct current voltage generator 25, and an 
output end of which is connected to another end of the 
second coil 22, the operational amplifier outputting a 
composite signal obtained by combining a low frequency 
band and a direct current component of an input digital 
signal passed to the other end of the first coil 23 
input to the first and second input ends and a direct 
current bias voltage output from the direct current 
voltage generator 25 to the output terminal 20b via the 
other end of the second coil 22 from an output end; and 
a frequency characteristic compensating circuit 35 
connected between the reference electrical potential 
point (earth line) and the second input end of the 
operational amplifier 31a or between the second input 
end and the output end, the compensating circuit being 
adopted to compensate for a frequency characteristic so 
that the gain of the operational amplifier 31a 
increases with a component having a higher frequency 
from among the low frequency bands of the input digital 
signal passed to the other end of the first coil. 

Specifically, as shown in FIG. 12, this pulse 
pattern generator 100 according to the seventh 
embodiment is composed of: a digital signal output 
section 101; a pulse pattern specifying section 102 for 
specifying a pulse pattern of a digital signal output 
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by this digital signal output section 101; and the 
digital signal offset adjusting apparatus 20 according 
to the first embodiment shown in FIG. 1 described 
previously for adjusting an offset of the digital 
5 signal output by the digital signal output section 101. 

In FIG. 12, with respect to the same circuit 
constituent elements as those of the digital signal 
offset adjusting apparatus 20 according to the first 
embodiment shown in FIG. 1 described previously, a 

10 description thereof is omitted by using the same 

reference numerals, respectively. 

The digital signal output section 101 shown in 
FIG. 12 is configured so as to output digital signals 
of various patterns such as a program pattern of 8 Mbit 

15 length (corresponding to STM-64/STiyi-192 6 frames), a 

PRBS pattern from 2"^ - 1 to 2^1 - 1, an alternate 
pattern, and a zero inserting pattern represented by a 
digital signal of a predetermined random pattern having 
a wideband frequency characteristic including a low 

20 frequency band, a direct current component, and a high 

frequency band as a digital signal used in the case of 
carrying out testing or the like of a variety of 
devices for use in a communication system as a digital 
signal output section incorporated in an MP17 61C pulse 

25 pattern generator or the like available from Anritsu 

Co., Ltd, for example, according to the pulse pattern 
specified by the pulse pattern specifying section 102. 
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To the digital signal offset adjusting apparatus 
20 connected to an output end of this digital signal 
output section 101, a digital signal of a desired pulse 
pattern having a wideband frequency characteristic 
5 including the low frequency band, direct current 

component, and high frequency band output in response 
to specification of a pulse pattern from the digital 
signal output section 101 by means of the pulse pattern 
specifying section 102 is input as an input digital 

10 signal. 

That is, the pulse pattern generator 100 according 
to the seventh embodiment of the present invention 
shown in FIG. 12 is capable of transmitting without 
generating a waveform distortion a wideband digital 

15 signal including a direct component and a low frequency 

band to a high frequency band ranging from several 
hundred Hz to GHz band, for example, like a case of the 
digital signal offset adjusting apparatus 20 according 
to the first embodiment described previously, by a 

20 digital signal offset adjusting apparatus 20 in which a 

digital signal of a desired pulse pattern having a 
wideband frequency component including the low 
frequency band, direct current component, and high 
frequency band output from the digital signal output 

25 section 101 in response to specification of a pulse 

pattern by the pulse pattern specifying section 102 is 
input as an input digital signal to the input terminal 
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20a. Thus, a test of various devices for use in a 
digital communication system can be properly carried 
out . 

(Eighth, embodiment) 

FIG. 13 shows a circuit configuration of a pulse 
pattern generator 100 of an eighth embodiment according 
to the present invention using the digital signal 
offset adjusting apparatus 20 according to the second 
embodiment shown in FIG. 6 described previously. 

In FIG. 13, with respect to the same circuit 
components as those of the digital signal offset 
adjusting apparatus 20 according to the second 
embodiment shown in FIG. 6 and the pulse pattern 
generator 100 according to the seventh embodiment shown 
in FIG. 12, a description thereof is omitted by using 
the same reference numerals, respectively. 

By the pulse pattern generator 100 according to 
the eighth embodiment of the present invention shown in 
FIG. 13 as well, like the pulse pattern generator 100 
according to the seventh embodiment of the present 
invention shown in FIG. 12 described previously, a 
wideband digital signal including a direct current 
component and a low frequency band to a high frequency 
band ranging from several hundred Hz to GHz band, for 
example, can be correctly transmitted without 
generating a waveform distortion, as is the case with 
the digital signal offset adjusting apparatus 20 
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according to the second embodiment described 
previously, by means of the digital signal offset 
adjusting apparatus 20 in which a digital signal of a 
desired pulse pattern having a wideband frequency 
characteristic including the low frequency band, direct 
current component, and high frequency band output from 
the digital signal output section 101 in response to 
specification of a pulse pattern by the pulse pattern 
specifying section 102 is input as an input digital 
signal to the input terminal 20a. Thus, a test of 
various devices for use in a digital communication 
system can be properly carried out. 
(Ninth embodiment) 

FIG. 14 shows a circuit configuration of a pulse 
pattern generator 100 of a ninth embodiment according 
to the present invention using the digital signal 
offset adjusting apparatus 20 according to the third 
embodiment shown in FIG. 8 described previously. 

In FIG. 14, with respect to the same circuit 
components as those of the digital signal offset 
adjusting apparatus 20 according to the third 
embodiment shown in FIG. 8 and the pulse pattern 
generator 100 according to the seventh embodiment shown 
in FIG. 12, a description thereof is omitted by using 
the same reference numerals, respectively. 

By the pulse pattern generator 100 according to 
the ninth embodiment of the present invention shown in 
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FIG. 14 as well, like the pulse pattern generator 100 
according to the seventh embodiment of the present 
invention shown in FIG. 12 described previously, a 
wideband digital signal including a direct current 
5 component and a low frequency band to a high frequency 

band ranging from several hundred Hz to GHz band, for 
example, can be correctly transmitted without 
generating a waveform distortion, as is the case with 
the digital signal offset adjusting apparatus 20 
10 according to the third embodiment described previously. 



by means of the digital signal offset adjusting 



apparatus 20 in which a digital signal of a desired 



pulse pattern having a wideband frequency 
characteristic including the low frequency band, direct 



15 



current component, and high frequency band output from 



the digital signal output section 101 in response to 



specification of a pulse pattern by the pulse pattern 



specifying section 102 is input as an input digital 



signal to the input terminal 20a. Thus, a test of 



20 



various devices for use in a digital communication 



system can be properly carried out. 



(Tenth embodiment) 



FIG. 15 shows a circuit configuration of a pulse 



25 



pattern generator 100 of a tenth embodiment according 
to the present invention using the digital signal 
offset adjusting apparatus 20 according to the fourth 
embodiment shown in FIG. 9 described previously. 
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In FIG. 15^ with respect to the same circuit 
components as those of the digital signal offset 
adjusting apparatus 20 according to the fourth 
embodiment shown in FIG. 9 and the pulse pattern 
generator 100 according to the seventh embodiment shown 
in FIG. 12, a description thereof is omitted by using 
the same reference numerals, respectively. 

By the pulse pattern generator 100 according to 
the tenth embodiment of the present invention shown in 
FIG. 15 as well, like the pulse pattern generator 100 
according to the seventh embodiment of the present 
invention shown in FIG. 12 described previously, a 
wideband digital signal including a direct current 
component and a low frequency band to a high frequency 
band ranging from several hundred Hz to GHz band, for 
example, can be correctly transmitted without 
generating a waveform distortion, as is the case with 
the digital signal offset adjusting apparatus 20 
according to the fourth embodiment described 
previously, by means of the digital signal offset 
adjusting apparatus 20 in which a digital signal of a 
desired pulse pattern having a wideband frequency 
characteristic including the low frequency band, direct 
current component, and high frequency band output from 
the digital signal output section 101 in response to 
specification of a pulse pattern by the pulse pattern 
specifying section 102 is input as an input digital 
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signal to the input terminal 20a. Thus, a test of 
various devices for use in a digital communication 
system can be properly carried out. 
( Eleventh embodiment ) 
5 FIG. 16 shows a circuit configuration of a pulse 

pattern generator 100 of an eleventh embodiment 
according to the present invention using the digital 
signal offset adjusting apparatus 20 according to 
the fifth embodiment shown in FIG. 10 described 

10 previously. 

In FIG. 16, with respect to the same circuit 
components as those of the digital signal offset 
adjusting apparatus 20 according to the fifth 
embodiment shown in FIG. 10 and the pulse pattern 

15 generator 100 according to the seventh embodiment shown 

in FIG. 12, a description thereof is omitted by using 
the same reference numerals, respectively. 

By the pulse pattern generator 100 according to 
the eleventh embodiment of the present invention shown 

20 in FIG. 16 as well, like the pulse pattern generator 

100 according to the seventh embodiment of the present 
invention shown in FIG. 12 described previously, a 
wideband digital signal including a direct current 
component and a low frequency band to a high frequency 

25 band ranging from several hundred Hz to GHz band, for 

example, can be correctly transmitted without 
generating a waveform distortion, as is the case with 
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the digital signal offset adjusting apparatus 20 
according to the fifth embodiment described previously, 
by means of the digital signal offset adjusting 
apparatus 20 in which a digital signal of a desired 
pulse pattern having a wideband frequency 
characteristic including the low frequency band, direct 
current component, and high frequency band output from 
the digital signal output section 101 in response to 
specification of a pulse pattern by the pulse pattern 
specifying section 102 is input as an input digital 
signal to the input terminal 20a. Thus, a test of 
various devices for use in a digital communication 
system can be properly carried out. 
(Twelfth embodiment) 

FIG. 17 shows a circuit configuration of a pulse 
pattern generator 100 of a twelfth embodiment according 
to the present invention using the digital signal 
offset adjusting apparatus 20 according to the sixth 
embodiment shown in FIG. 11 described previously. 

In FIG. 17, with respect to the same circuit 
components as those of the digital signal offset 
adjusting apparatus 20 according to the sixth 
embodiment shown in FIG. 11 and the pulse pattern 
generator 100 according to the seventh embodiment shown 
in FIG. 12, a description thereof is omitted by using 
the same reference numerals, respectively. 

By the pulse pattern generator 100 according to 
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the twelfth embodiment of the present invention shown 
in FIG. 17 as well, like the pulse pattern generator 
100 according to the seventh embodiment of the present 
invention shown in FIG. 12 described previously, a 
5 wideband digital signal including a direct current 

component and a low frequency band to a high frequency 
band ranging from several hundred Hz to GHz band, for 
example, can be correctly transmitted without 
generating a waveform distortion, as is the case with 

10 the digital signal offset adjusting apparatus 20 

according to the sixth embodiment described previously, 
by means of the digital signal offset adjusting 
apparatus 20 in which a digital signal of a desired 
pulse pattern having a wideband frequency 

15 characteristic including the low frequency band, direct 

current component, and high frequency band output from 
the digital signal output section 101 in response to 
specification of a pulse pattern by the pulse pattern 
specifying section 102 is input as an input digital 

20 signal to the input terminal 20a. Thus, a test of 

various devices for use in a digital communication 
system can be properly carried out. 

Therefore, according to the pulse pattern 
generators 100 according to the seventh to twelfth 

25 embodiments of the present invention using the digital 

signal offset adjusting apparatus 20 according to the 
first to sixth embodiments as described above, there 



68 



can be provided a pulse pattern generator which solves 
the problems which remain unsolved in the conventional 
technique, for example, and which can transmit a 
wideband digital signal including a low frequency band 
to a high frequency band ranging from several hundred 
Hz to GHz band without generating a waveform distortion 
and can properly carry out testing or the like of a 
variety of devices. 

Industrial Applicability 
As described above, according to a digital signal 
offset adjusting apparatus of the present invention, 
there is compensated for gain lowering in a specific 
frequency region when a low frequency band and a direct 
current component which cannot pass through a capacitor 
are sampled by means of a low frequency extracting coil 
to be combined with a bias direct current signal, and 
the combined signals are supplied to an output terminal 
via a bias applying coil from among the frequency 
components included in a digital signal input to an 
input terminal as a digital signal which carries out 
testing or the like of a variety of devices for use in 
a digital communication system. Thus, unlike a 
conventional technique, there is attained an 
advantageous effect that frequency components of input 
digital signals can be uniformly transmitted to an 
output terminal without using a capacitor having a 
large capacitance or a coil having a large inductance. 
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making it possible to transmit a wideband waveform with 
a small distortion and an entire digital signal offset 
adjusting apparatus can be reduced in cost. 

In addition, according to a pulse pattern 
generator using the digital signal offset adjusting 
apparatus as described above, there is attained an 
advantageous effect that testing or the like of a 
variety of devices for use in a digital communication 
system can be properly carried out. 

Therefore, a digital signal offset adjusting 
apparatus and a pulse pattern generator using the 
adjusting apparatus according to the present invention 
can be useful as a digital signal offset adjusting 
apparatus and a pulse pattern generator using the 
adjusting apparatus adopted to test a communication 
device or the like. 



